Searching PAJ 



Page 1 of 1 



PATENT ABSTRACTS OF JAPAN 



(1 1)Publication number : 10-194742 
(43)Date of publication of application : 28.07.1998 

(51)lnt.CI. C01G 25/00 



(21) Application number : 08-349679 (71 Applicant : ANAN KASEI KK 

(22) Date of filing : 27.12.1996 (72)lnventor : AOZASA SHIGERU 



(54) ZIRCONIUM-CERIUM-BASED COMPOUND OXIDE AND ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a zirconium-cerium-based compound oxide excellent in heat resistance, capable 
of maintaining a high specific surface area even in the case of use in a high-temperature environment and to provide a 
method capable of producing the compound oxide in excellent reproducibility and economically. 
SOLUTION: This zirconium-cerium-based compound oxide is a compound oxide baked at 500-1, 000°C, comprises 
zirconium and cerium, has the blending ratio of zirconium and cerium calculated as zirconium oxide and eerie oxide of 
(51-95):(45-5) by weight, shows at least 50m2/g specific surface area after baking at 500-1, 000°C, maintains at least 
20m2/g specific surface area after heating at 1 ,100°C for 6 hours and contains 0.1-20wt.% of the total calculated as 
oxide of at least one selected from the group consisting of yttrium, scandium, lanthanum, praseodymium, neodium, 
samarium, europium, gadolinium, magnesium, calcium, barium, aluminum, titanium and hafnium. 
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CLAIMS 



[Claim(s)] 

[Claim I] It is the multiple oxide calcinated and obtained at 500-1000 degrees C. This multiple oxide The rate of a compounding ratio 
of said zirconium converted into a zirconium dioxide and the second cerium of oxidization and a cerium including a zirconium and a 
cerium Are 5 1 -95:49-5 in a weight ratio, and the specific surface area after calcinating at said 500-1000 degrees C shows at least 
50m2/g. And the zirconium-cerium system multiple oxide characterized by maintaining the specific surface area of at least 20m2/g 
after 6-hour heating at 1 100 degrees C. 

[Claim 2] The zirconium-cerium system multiple oxide according to claim I characterized by containing one sort chosen from the 
group which said multiple oxide becomes from an yttrium, a scandium, a lanthanum, a praseodymium, neodymium, samarium, 
europium, a gadolinium, magnesium, calcium, barium, aluminum, titanium, and a hafnium further, or two sorts or more 0.1 to 20% of 
the weight with the total quantity which carries out oxide conversion. 

[Claim 3] The manufacture approach of the zirconium-cerium system multiple oxide according to claim 1 or 2 which is made to carry 
out the pyrogenetic reaction of the mixture containing zirconium hydroxide of 0.5-50 micrometers of mean diameters, and the cerium 
sol of 3- lOOnm of mean diameters of a colloidal particle to the number of cerium mols in this mixture to the bottom of the nitric-acid 
existence of a five to 10 time mol, adds a base, is subsequently made to react further, calcinates the obtained product at 500-1000 
degrees C, and is characterized by grinding. 

[Claim 4] The manufacture approach of the zirconium-cerium system multiple oxide containing one sort chosen from the group which 
said mixture becomes from the salts of an yttrium, a scandium, a lanthanum, a praseodymium, neodymium, samarium, europium, a 
gadolinium, magnesium, calcium, barium, aluminum, titanium, and a hafnium, or two sorts or more according to claim 3. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[000 1 ] 

[Field of the Invention] This invention is available in the catalyst field, the functional-ceramics field, the solid electrolyte field for fuel 
cells, etc., and relates to the zirconium-cerium system multiple oxide which has the available outstanding thermal resistance suitably 
especially as a co-catalyst ingredient in the catalyst for emission gas purification of an automobile, and its manufacturing method. 
[0002] 

[Description of the Prior Art] The co-catalyst for raising the platinum which is a catalyst metal, palladium, rhodiums, etc. and these 
catalyses to catalyst support, such as an alumina and cordierite, is supported, and catalysts for emission gas purification, such as an 
automobile, are constituted. The cerium oxide system ingredient as this co-catalyst ingredient absorbs oxygen under an oxidizing 
atmosphere, and in order to purify at the effectiveness which was excellent with the property of the cerium oxide of emitting that 
oxygen under reducing atmosphere, and the so-called oxygen uptake and emission ability, in a hydrocarbon, a carbon monoxide, 
nitrogen oxides, etc. which are the injurious ingredients in exhaust gas, it is used in large quantities. Moreover, since a zirconium 
dioxide raises the property of said cerium oxide, as a co-catalyst ingredient, a zirconium-cerium system multiple oxide becomes in use, 
and the rate of an use rate has been increasing it. 

[0003] When operating the co-catalyst ingredient of this system, the most important thing is maintaining an elevated temperature, and 
like [ at the time of engine starting ], when the temperature of exhaust gas is low, purification effectiveness is bad. In recent years, an 
automaker is going to bring the distance of an engine and catalyst equipment close, and it is going to cope with this problem by 
introducing the elevated-temperature exhaust gas immediately after exhaust air into catalyst equipment. 

[0004] However, a new problem arose about the thermal resistance of a catalyst ingredient in this case. The specific surface area of the 
co-catalyst ingredient used from generally the effectiveness of the ofTgas treatment by the catalyst being proportional to the activity 
phase of a catalyst and the touch area of exhaust gas must be fully large. However, the co-catalyst ingredient with which the particle of 
the present zirconium-cerium system multiple oxide cannot be said to be enough about thermal resistance, but is stabilized since 
specific surface area falls with grain growth in the operating environment of elevated-temperature long duration, and high specific 
surface area is maintained is called for strongly. 

[0005] About the manufacture approach of a zirconium-cerium system multiple oxide excellent in the conventional thermal resistance, 
the method of mixing a zirconium sol and a cerium sol to JP,6-279027,A and JP,8-16015,B, and adding a base, for example to them or 
the approach using spray drying is proposed. And about the thermal resistance of the obtained mixed oxide, it is indicated that the 
specific surface area after 1 000-degree-C temporary quenching is 15m2/g. The manufacture approach of a mixed oxide of calcinating 
the mixture of the hydration zirconia sol of 0.2 micrometers or less of mean diameters and compounds, such as Ce, Y, calcium, and 
Mg, is proposed by JP,5-1 93948,A, and, as for the thermal resistance of the obtained mixed oxide, it is indicated that the specific 
surface area after 1050-degree-C temporary quenching is 1 2m2/g. The manufacture approach of a mixed oxide of calcinating the 
mixture of the hydration zirconia sol of 0.05-0.3 micrometers of mean diameters and 4nm or less of diameters of microcrystal and 
compounds, such as Ce, Y, calcium, and Mg, is proposed by JP,5-1 16945,A, and, as for the thermal resistance of the obtained mixed 
oxide, it is indicated that the specific surface area after 850-degree-C baking is 15m2/g. Moreover, as the manufacture approach of a 
zircon ic acid ghost, the approach which mixes the hydroxide, hydration oxide, oxide, etc. of the metal more than divalent in a 
zirconium salt water solution, and it is made to hydrolyze is proposed by JP,5- 155622, A, and, as for the thermal resistance of the 
obtained mixed oxide, it is indicated that the specific surface area after 1 000-degree-C baking is 8m2/g. 

[0006] Any above approach has the problem that the operate time which manufactures the target oxide is long. For example, by the 
approach [ need / a zirconia sol / to be received ], a problem is in productivity, like the hydrolysis time amount of a zirconium salt 
water solution exceeds 100 hours. 

[0007] Moreover, as an approach of only obtaining high specific surface area, the manufacture approach using the zirconia sol (5- 
500nm detailed zirconia colloidal particle) indicated by JP,6-279027,A and JP,8-16015,B is [ that what is necessary is just to control, 
the diameter of microcrystal i.e., the crystal growth degree, of an oxide, ] the optimal. However, although the crystal and particle 
diameter in the condition of an oxide are detailed therefore, to heat energy, it is very sensitive, and in sintering by the pyrosphere 900 
degrees C or more, specific surface area becomes small remarkably and the oxide obtained by the manufacture approach of these 
known has the problem that thermal resistance is bad. That is, it is not suitable for the co-catalyst ingredient by which elevated- 
temperature use is carried out. Furthermore, by many manufacture approaches by which the conventional proposal is made, there is 
also a problem that impurity mixing of chlorine harmful for the catalyst resulting from a raw material, sulfur, etc. is not avoided. 
[0008] 

[Problem(s) to be Solved by the Invention] Therefore, especially the purpose of this invention is to offer the zirconium-cerium system 
multiple oxide which can maintain a high specific surface area, and its manufacture approach, when it has the thermal resistance which 
was excellent as a co-catalyst ingredient suitable for the catalyst for emission gas purification and is used under hot environments. 
Another purpose of this invention is to offer the manufacture approach which can prepare often [ repeatability ] and economically the 
zirconium-cerium system multiple oxide which has the outstanding thermal resistance. Other purposes of this invention are to offer the 
manufacture approach of a zirconium-cerium system multiple oxide without mixing of impurities, such as chlorine harmful for a 
catalyst, and sulfur, while having the outstanding thermal resistance. 
[0009] 

[Means for Solving the Problem] When the zirconium-cerium system multiple oxide by the conventional technique had a big specific 
surface area and this invention person heated to the elevated temperature, he did detailed research about the effect of a zirconium raw 
material about the cause that specific surface area falls rapidly. Consequently, the water solution of the zirconium sol known as an 
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approach of obtaining the high multiple oxide of whenever [ dissolution-with zirconium dioxide and cerium oxide ] conventionally, or 
a zirconium salt, The multiple oxide precursor which the cerium sol or the cerium salt water solution was mixed [ precursor ], and ' 
made the base add and generate Probably because it was microcrystal nature, although it is very sensitive and the zirconium-cerium 
system multiple oxide which has the crystal phase of the high single phase of whenever [ dissolution ] by baking was generated to heat 
energy, the fall of the specific surface area by sintering by the pyrosphere was remarkable, and checked that high specific surface area 
was unmaintainable. Then, when a trial-and-error method was applied to the attempt which raises crystallinity in the phase of a 
precursor, as a result of considering the use and the effect of grain size of the zirconium hydroxide particle which was not taken up 
until now as a zirconium raw material in such a multiple oxide application of high specific surface area, the reaction approach for 
obtaining the precursor which compounded the cerium component or the addition component of further others is developed by using 
this particle as a parent, and it came to complete this invention. 

[0010] Namely, according to this invention, it is the multiple oxide calcinated and obtained at 500-1000 degrees C. The rate of a 
compounding ratio of said zirconium which this multiple oxide converted into a zirconium dioxide and the second cerium of 
oxidization including the zirconium and the cerium, and a cerium is 51-95:49-5 in a weight ratio. As occasion demands Furthermore, 
an yttrium, a scandium, a lanthanum, a praseodymium, neodymium, Samarium, europium, a gadolinium, magnesium, calcium, One 
sort chosen from the group which consists of barium, aluminum, titanium, and a hafnium, or two sorts or more The specific surface 
area after containing 0. 1 to 20% of the weight with the total quantity which carries out oxide conversion and calcinating at said 500- 
1000 degrees C shows at least 50m2/g. And the zirconium-cerium system multiple oxide characterized by maintaining the specific 
surface area of at least 20m2/g after 6-hour heating at 1 100 degrees C is offered. According to this invention, moreover, zirconium 
hydroxide of 0.5-50 micrometers of mean diameters, The need is accepted again in a cerium sol with a mean particle diameter [ of a 
colloidal particle ] of 3-100nm. An yttrium, A scandium, a lanthanum, a praseodymium, neodymium, samarium, europium, A 
gadolinium, magnesium, calcium, barium, aluminum, The pyrogenetic reaction of the mixture containing one sort chosen from the 
group which consists of salts of titanium and a hafnium, or two sorts or more is carried out to the number of cerium mols in this 
mixture to the bottom of the nitric-acid existence of a five to 10 time mol. Subsequently Add a base, it is made to react further and the 
manufacture approach of said zirconium-cerium system multiple oxide characterized by calcinating and grinding the obtained product 
at 500- 1 000 degrees C is offered. 
[001 1] 

[Embodiment of the Invention] It is [ following ] this invention, and also explains to a detail. In the zirconium-cerium system multiple 
oxide of this invention, as for a multiple oxide, a zirconium dioxide and cerium oxide only say not a condition but the thing which 
forms a multiple oxide thru/or the solid solution partially or substantially of mixture. Although a cerium oxide component shows 
oxygen uptake and emission ability when this multiple oxide is used as a co-catalyst ingredient, a zirconium dioxide component raises 
the thermal resistance of this cerium oxide, and has the operation which demonstrates oxygen uptake and emission ability in a large 
temperature requirement. 

[001 2] the weight ratio which converted the rate of a compounding ratio of the zirconium to contain and a cerium into a zirconium 
dioxide (Zr02) and the second cerium (Ce02) of oxidation in the multiple oxide of this invention - 5 1-95:49-5 - desirable - 55- 
85 :45- 1 5 - it is 60-80:40-20 still more preferably. If the thermal resistance the rate of a compounding ratio of a zirconium dioxide 
excelled [ thermal resistance ] less than in 51 is not fully obtained and 95 is exceeded, the oxygen uptake and emission ability by the 
cerium oxide component run short. The sum total content rate of the zirconium in a multiple oxide and a cerium has 80 desirable % of 
the weight or more at a zirconium dioxide and the second cerium conversion of oxidation. 

[001 3] The specific surface area after calcinating and obtaining the multiple oxide of this invention at 500-1000 degrees C and 
calcinating in this temperature requirement shows at least 50m2/g, and specific surface area usually becomes low, so that burning 
temperature is high. For example, more than 70m2/g, if it is baking of 6 hours at 500 degrees C and is baking of 6 hours at 900 degrees 
C more than 90m2/g, if it is baking of 6 hours at 1 000 degrees C, a high specific surface area more than 50m2/g is shown. The 
ingredient which has the specific surface area of the high level in such a burning temperature is not conventionally known as a 
zirconium-cerium system multiple oxide. And the multiple oxide of this invention has the engine performance which maintains the 
specific surface area of at least 20m2/g after 6-hour heating at 1 100 degrees C. When heating oxide powder generally, sintering and 
grain growth become remarkable more than the temperature field of the specification depending on a presentation and the manufacture 
hysteresis of the powder, and the rapid fall of specific surface area arises. It is known for 1000 degrees C or more of profiles in a 
zirconium-cerium system multiple oxide that this reduction is remarkable, and it is designed so that the present catalyst equipment for 
emission gas purification may also usually work below about 900 degrees C. In order for the elevated temperature around 1000 
degrees C called for in this invention from now on to show the engine performance of an usable multiple oxide to an usable co-catalyst 
ingredient etc., the value of the specific surface area currently maintained after 6-hour heating at 1 1 00 degrees C on the basis of 1 1 00 
degrees C it is considered that is the upper limit of the temperature used as heat-resistant evaluation temperature of the obtained 
multiple oxide was made into the engine-performance index of a multiple oxide. In addition, in this invention, specific surface area is 
the value measured based on the BET adsorption method by the most standard nitrogen gas adsorption as a specific-surface-area 
measuring method of fine particles. 

[0014] The multiple oxide of this invention may carry out the oxide conversion of one sort chosen from the group which consists of an 
yttrium, a scandium, a lanthanum, a praseodymium, neodymium, samarium, europium, a gadolinium, magnesium, calcium, barium, 
aluminum, titanium, and a hafnium further, or the two sorts or more besides a zirconium and a cerium, and may contain them in 0. 1 - 
20% of the weight of the range with the total quantity. By making such a specific metal contain further, it is possible to give the further 
excellent thermal resistance. Under the present circumstances, at less than 0.1 % of the weight, since the oxygen uptake and emission 
ability demanded when the content of a cerium falls relatively and uses it for a co-catalyst etc. run short if effectiveness is not accepted 
in a heat-resistant improvement and 20 % of the weight is exceeded, it is not desirable. 

[001 5] The manufacture approach of this invention can prepare said multiple oxide often [ repeatability ] and economically. By this 
manufacture approach, the pyrogenetic reaction of the mixture containing a specific zirconium raw material and a specific specific 
cerium raw material is first carried out to the bottom of the nitric-acid existence of the amount of specification. 
[0016] 1-30 micrometers of said specific zirconium raw materials are 5-25 -micrometer zirconium hydroxide still more preferably 
preferably the mean particle diameter of 0.5-50 micrometers. When mean particle diameter is less than 0.5 micrometers, the multiple 
oxide of high specific surface area excellent in the thermal resistance made into the purpose of this invention is not obtained, but when 
exceeding 50 micrometers, the specific surface area of a multiple oxide falls. This zirconium hydroxide is the generic name of (1) 
zirconium-hydroxide Zr(OH)4 and nH20, (2) oxy-zirconium hydroxide ZrO(OH)2 and nH20, and (3) hydration zirconia Zr02 and 
nH20, and it can use as independent or mixture. Although said zirconium hydroxide can usually come to hand from a commercial 
item in the state of fine particles, it can be obtained by well-known approaches, such as adding bases, such as aqueous ammonia, 
ammonia gas, a sodium hydroxide, and a potassium hydroxide, for example to zirconium salt water solutions, such as a zirconium 
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nitrate, a zirconium chloride, and zirconium nitrate. It is advantageous at the point that the process of a zirconium nitrate-ammonia 
system does not contain harmful impurities, such as chlorine and sulfur, especially. In addition, the grading-analysis meter (MKII 
mold) by the Leeds & North lap company based on a laser diffraction method performed measurement of mean particle diameter. 
[001 7] 5-80nm of said specific cerium raw materials is a 10-50nm cerium sol still more preferably preferably the mean particle 
diameter of 3-100nm of a colloidal particle. This cerium sol means the thing in the condition that the cerium oxide of colloidal particle 
size, hydration cerium oxide, the hydroxylation cerium, or the solid-state particle (colloidal particle) of two or more forms distributed 
in the aquosity medium so that I may generally be understood. Industrially [ when the mean particle diameter of a colloidal particle is 
less than 3nm ], manufacture is difficult, and when exceeding lOOnm, in a back process, compound-ization with a zirconium dioxide 
cannot advance easily. In addition, the dynamic light scattering photometer (DLS-7000 mold) by the Otsuka electronic company based 
on a dynamic- light-scattering measuring method performed measurement of the diameter of a colloidal particle. Especially the * 
manufacturing method of said cerium sol is not limited, and is acquired by the well-known method of making the second cerium water 
solution of a nitric acid hydrolyze etc., and can use a thing with a concentration of about 100-200g [/I. ] by cerium oxide conversion as 
a commercial item. In order to hold a sol condition to stability, its either is usable although a commercial cerium sol has nitric-acid 
acidity or the thing by which acetic-acid acidity is carried out. However, use of few [ as much as possible ] things of a residual of 
impurities, such as chlorine resulting from the raw material when manufacturing a cerium sol and sulfur, is desirable. 
[001 8] As for the mixed rate of said zirconium hydroxide and said cerium sol, in said mixture, it is desirable to mix so that the mixed 
rate which could set up suitably so that it might become a theoretical ratio corresponding to the presentation ratio of a desired 
zirconium-cerium system multiple oxide, for example, converted the zirconium and the cerium into a zirconium dioxide and the 
second cerium of oxidation may be set to 5 1-95:49-5 by the weight ratio. As for preparation of mixture, it is desirable to carry out 
weighing capacity of said zirconium hydroxide and said cerium sol, to mix with the water of optimum dose and to consider as slurry- 
like mixture. Said zirconium hydroxide in mixture and especially the concentration of said cerium sol have 1. desirable at the total 
quantity of oxide conversion in 20-150g f\. 10-200g /. One sort chosen as said mixture from the group which consists of salts of an 
yttrium, a scandium, a lanthanum, a praseodymium, neodymium, samarium, europium, a gadolinium, magnesium, calcium, barium, 
aluminum, titanium, and a hafnium further if needed, or two sorts or more can be added. As salts, although it can choose from a 
nitrate, a chloride, a sulfate, and other water-soluble salts, if it is the compound dissolved and ionized when it heats under nitric-acid 
acidity in degree process also except a water-soluble salt, it is usable. The nitrate which does not remain in the multiple oxide with 
which especially a harmful impurity is obtained is desirable. As for the amount of mixing of these salts, it is desirable to carry out 
weighing capacity and to mix in the multiple oxide obtained, by theoretical ratio from which the total quantity which carries out oxide 
conversion becomes 0. 1 - 20 % of the weight. Detailed distribution of the mixed components other than these zirconiums and a cerium 
is carried out as dissolution thru/or an oxide into the multiple oxide obtained, and it has the operation which bars the crystal growth of 
the multiple oxide in an elevated temperature. 

[001 9] performing the pyrogenetic reaction of said mixture under churning - desirable - this time — the number of cerium mols in 
mixture - receiving - a five to 10 time mol - desirable - a 5.5 to 8 time mol - it is necessary to make the nitric acid of a mol exist 
5.8 to 7 times still more preferably What is necessary is for it to be total, and just to add a nitric acid by the thing of the type stabilized 
with acetic-acid acidity also including the amount of nitric acids, that what is necessary is just to prepare so that a nitric acid may serve 
as the above-mentioned number of mols so that it may become the above-mentioned number of mols when the thing of the type 
stabilized with nitric-acid acidity as the above-mentioned cerium sol is used. By making the nitric acid of such an amount of 
specification exist, the crystal of each particle of zirconium hydroxide and a cerium sol repeats elution and a deposit, and crystal 
growth can be advanced, performing compound-ization of a zirconium and a cerium. A nitric acid cannot give the thermal resistance 
excellent in the multiple oxide which can become inadequate [ crystal growth ] under by the 5 time mol. On the other hand, since a 
zirconium hydroxide particle will dissolve and the zirconium of an ionic state will increase if a mol is exceeded 10 times, the precursor 
which detailed precipitate produces in a reaction with the base mentioned later, and this invention means and which fully grew is not 
obtained, and the multiple oxide excellent in thermal resistance is not obtained. 

[0020] The reaction temperature of 60-150 degrees C, preferably, the pyrogenetic reaction under said nitric-acid existence is 80-140 
degrees C, and can be performed in reaction-time 1 - 36 hours. It can carry out under ordinary pressure or pressurization preferably. 
When carrying out under pressurization, it is possible to shorten reaction time by carrying out under about 1.5-10kg/cm2 
pressurization using pressurization containers, such as an autoclave. 

[0021] Subsequently a base is added and it is made to react further by the manufacture approach of this invention. After cooling 
especially preferably 60 degrees C or less of mixture made to react under existence of said nitric acid at 50 degrees C or less in this 
reaction, for example, a base can be added, churning etc. can be carried out and a reaction can be advanced. As a base, although a 
sodium hydroxide, a potassium hydroxide, aqueous ammonia, ammonia gas, or such mixture can be mentioned, it is aqueous ammonia 
preferably. Addition of a base uses a base as the water solution of moderate concentration, and in the case of the approach of adding, 
while agitating into said cooled mixture, and ammonia gas, it can carry out by the approach of blowing into a container etc., agitating. 
If it is judged easily and pH exceeds 10 by following change of pH of mixture, the limit of the amount of the base to add will be 
enough and a reaction will complete it. The solid and metal ion which existed in mixture are substantially compound-ized altogether 
by this reaction, and can settle the product to which crystal growth progressed by it. Drawing 1 and drawing 2 are the results of 
carrying out X diffraction measurement of the product of this phase in the example (example 1) and the example 1 of a comparison of 
this invention which are mentioned later on the same conditions (the term of an example describing), and it turns out that the 
crystallinity of the product by this invention is high. It becomes a suitable precursor in order that this product may obtain the multiple 
oxide of the request excellent in thermal resistance. This precursor is separable by for example, the nutsche method, the centrifuge 
method, the filter press method, etc. Moreover, rinsing of precipitate can also be added to need extent. Furthermore, in order to raise 
the effectiveness of the following baking process, the process which dries the obtained precipitate moderately may be added. 
[0022] By the manufacture approach of this invention, a desired multiple oxide can be obtained by calcinating and grinding said 
obtained product at specific temperature. Burning temperature can choose the temperature of Hazama's 500-1000-degree C arbitration. 
Having made minimum temperature into 500 degrees C is based on the following reason. In drawing 3 , the result of having measured 
heating weight change of a product using the thermobalance (Rigaku electrical machinery company manufacture TG-DTA-812H mold 
use) shows having completed weight reduction at 500 degrees C. That is, at less than 500 degrees C, a zirconium-cerium system 
multiple oxide has an incomplete burning temperature, and since the hydroxyl group, the acid radical, the base, etc. remain, in case it 
is used under an elevated temperature, since they are emitted, it cannot adopt. Drawing 4 compares and investigates change of the 
diameter of microcrystal to burning temperature (6 hours each) in a temperature field 500 degrees C or more about the multiple oxide 
by this invention (the below-mentioned example 1) and the example 1 of a comparison. Drawing 5 is change of the specific surface 
area corresponding to them. Both drawings show maintaining a high specific surface area that it is [ therefore ] hard to make 
microcrystal big and rough (a degree of sintering is ), even when the multiple oxide by this invention calcinates by the pyrosphere. 
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Although the burning temperature for considering as a desired multiple oxide can be chosen as arbitration from the specific surface 
area which it is required or is guaranteed, and the value of bulk density, an upper limit is limited to 1000 degrees C or less from a 
practical viewpoint as a co-catalyst ingredient of thinking specific surface area as important. 500-800 degrees C is 500-600 degrees C 
still more preferably preferably. On balance with temperature, firing time may be set up suitably and is 1 - 10 hours preferably, if the 
range of the multiple oxide by this invention is 500-1000 degrees C — the baking condition — it is not based on how, but has the 
outstanding thermal resistance, and, in addition, has a high specific surface area more than 20m2/g in heating for 1 100-degree-C 6 
hours. 

[0023] Said grinding can carry out the calcinated multiple oxide using the grinder generally used, for example, a hammer mill etc., and 
can obtain the powder of a desired grain size enough. Since this has the small degree of sintering of the obtained multiple oxide, a 
grindability is good and is based on things. 
[0024] 

[Effect of the Invention] Since the multiple oxide of this invention uses the multiple oxide of a zirconium and a cerium as a principal 
component, it has a high specific surface area and it has the outstanding thermal resistance which maintains the specific surface area of 
at least 20m2/g after 1 100-degree-C heating of 6 hours especially It especially replaces with the conventional zirconium-cerium 
system multiple oxide, and can use as a co-catalyst of the catalyst for emission gas purification etc., use by the pyrosphere beyond the 
conventional limitation is possible, and it is very useful in the field of the efficient catalyst for emission gas purification. Moreover, in 
the manufacturing method of this invention, the multiple oxide which has said high specific surface area and high thermal resistance 
can be obtained often [ repeatability ] and economically. 
[0025] 

[Example] Hereafter, although an example and the example of a comparison explain to a detail further, this invention is not limited to 

these. 

[0026] 8 1 .05g (triple-purpose metal industrial stock type firm make, 99.9% of purity, the zirconium dioxide conversion content of 40.1 
% of the weight, mean particle diameter of 1 8.56 micrometers) of example 1 zirconium hydroxide, Cerium sol (Rhone-Poulenc S. A. 
make, cerium ion content [ of 5 or less % of the weight ], cerium oxide conversion concentration of 100g/l.) 150ml, 16.67ml (Anan 
formation incorporated company make, purity of 99.9%, lanthanum trioxide conversion concentration of 150g/L) of lanthanum nitrate 
water solutions was mixed, and the mixture of ZrO2:CeO2:La2O3=65:30:5 (weight ratio) was obtained. Into the obtained mixture, 
further, it added so that it might exist by the mol 6 times, and II. of total cerium mol mixture adjusted by desalted water so that oxide 
conversion concentration might become in 1. and 50g /further was obtained for the nitric acid (the Wako Pure Chem Industries make, 
60-61% of purity). Subsequently, 11. of obtained mixture was moved to the container equipped with the steam cooling pipe 
(capacitor), and it heated under churning at 100 degrees C for 12 hours. After cooling slowly to 20 degrees C, it added under churning 
of aqueous ammonia (the Wako Pure Chem Industries make, 25 - 28 % of the weight of NH3 contents), and pH was adjusted to ten or 
more. Solid liquid separation was performed for the obtained product by the nutsche, and I39.23g of precipitate was obtained. The 
obtained precipitate was measured with the Rigaku X-ray diffractometer "RINT1 100 mold" by CuK alpha rays, the tube voltage of 
40k V, and 40mA of tube electric currents. An X diffraction image is shown in drawing 1 . Although the exact diameter of microcrystal 
cannot be measured, the X-ray intensity which shows crystallinity was about 700cps. Obtained sediment was calcinated at 500 degrees 
C for 6 hours, and 50g of zirconium-cerium system lanthanum content multiple oxides of specific-surface-area of 92.7m 2/g was 
obtained. The specific surface area when heating the obtained multiple oxide for 6 hours each at 900 more degrees C, 1000 degrees C, 
and I 1 00 degrees C is shown in Table 1 and drawing 5 . Moreover, the diameter of microcrystal for which it asked from the X 
diffraction image is shown in drawing 4 . Trie specific surface area after 6-hour heating was 24.7m2/g at 1 100 degrees C. As a result of 
the component analysis, the zirconium in a multiple oxide, the cerium, and the content rate of a lanthanum were a zirconium dioxide, 
the second cerium of oxidation, and lanthanum trioxide conversion, and were 65. 1 % of the weight, 29.9 % of the weight, and 5 % of 
the weight, respectively. 

[0027] 93.52g of zirconium hydroxide, cerium sol 100ml, and 16.67ml of lanthanum nitrate water solutions used in the example 2 
example 1 were mixed, and the mixture of ZrO2:CeO2:La2O3=75:20:5 (weight ratio) was obtained. Into the obtained mixture, further, 
it added so that it might exist by the mol 6.2 times, and 1 1. of total cerium mol mixture adjusted by desalted water so that oxide 
conversion concentration might become in 1. and 50g /further was obtained for the nitric acid. Subsequently, it agitated and heated like 
the example 1 , aqueous ammonia was added, solid liquid separation of a product was performed, and 142g precipitate was obtained. X 
diffraction measurement of the obtained precipitate was carried out on an example 1 and these conditions. Although the exact diameter 
of microcrystal cannot be measured, the X-ray intensity which shows crystallinity was about 700cps. Furthermore, it calcinated like 
the example 1 and 50g of zirconium-cerium system lanthanum content multiple oxides of specific-surface-area of 1 15.7m 2/g was 
obtained. The specific surface area when heating the obtained multiple oxide for 6 hours each at 900 more degrees C, 1000 degrees C, 
and 1 1 00 degrees C is shown in Table 1 . Made in [ after 6 hour heating ] the non-front face was 22.4m2/g at 1 100 degrees C. As a 
result of the component analysis, the zirconium in a multiple oxide, the cerium, and the content rate of a lanthanum were a zirconium 
dioxide, the second cerium of oxidation, and lanthanum trioxide conversion, and were 74.9 % of the weight, 20.2 % of the weight, and 
4.9 % of the weight, respectively. 

[0028] 93.52g of zirconium hydroxide used in the example 3 example 1 and cerium sol 125ml were mixed, and the mixture of 
Zr02:CeO 2= 75:25 (weight ratio) was obtained. Into the obtained mixture, further, it added so that it might exist by the mol 5.5 times, 
and 1 1, of total cerium mol mixture adjusted by desalted water so that it might become the oxide conversion concentration of 50g/l. 
further was obtained for the nitric acid. Subsequently, it carried out like the example 1 and 141 .62g precipitate was obtained. X 
diffraction measurement of the obtained precipitate was carried out on an example 1 and these conditions. Although the exact diameter 
of microcrystal was not able to be measured, the X-ray intensity which shows crystallinity was about 700cps. Furthermore, it carried 
out like the example I and 50g of zirconium-cerium multiple oxides of specific-surface-area of 1 12.4m 2/g was obtained. The specific 
surface area when heating the obtained multiple oxide for 6 hours each at 900 more degrees C, 1000 degrees C, and 1 100 degrees C is 
shown in Table 1 . Made in [ after 6 hour heating ] the non-front face was 20.4m2/g at 1 100 degrees C. Moreover, as a result of the 
component analysis, the zirconium in a multiple oxide and the content rate of a cerium were a zirconium dioxide and the second 
cerium conversion of oxidation, and were 75 % of the weight and 25 % of the weight, respectively. 

[0029] 1 6.67ml (Anan formation incorporated company make, purity of 99.9%, neodymium oxide conversion concentration of 
150g/I .) of nitric-acid neodymium water solutions was mixed with 81.05g of zirconium hydroxide used in the example 4 example 1, 
and cerium sol 150ml, and the mixture of ZrO2:CeO2:Nd2O3=65:30:5 (weight ratio) was obtained. Furthermore, it added so that it 
might exist by the mol 6.5 times, and 1 1. of total cerium mol mixture adjusted by desalted water so that it might become the oxide 
conversion concentration of 50g/l. further was obtained for the nitric acid. Subsequently, it carried out like the example 1 and 138.24g 
precipitate was obtained. X diffraction measurement of the obtained precipitate was carried out on an example 1 and these conditions. 
Although the exact diameter of microcrystal was not able to be measured, the X-ray intensity which shows crystallinity was about 
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700cps. It carried out still like the example 1 and 50g of zirconium-cerium system neodymium content multiple oxides of speciflc- 
surface-area of 91 .3m 2/g was obtained. The specific surface area when heating the obtained multiple oxide for 6 hours each at 900 
more degrees C, 1000 degrees C, and 1 100 degrees C is shown in Table I. The specific surface area after 6-hour heating was 23.8m2/g 
at 1 100 degrees C. As a result of the component analysis, the content rates of the zirconium in a multiple oxide, a cerium, and 
neodymium were a zirconium dioxide, the second cerium of oxidization, and neodymium oxide conversion, and were 65 % of the 
weight, 30. 1 % of the weight, and 4.9 % of the weight, respectively. 

[0030] 1 6.67ml (water solution of an aluminium nitrate and 9 hydrate by Wako Pure Chem Industries, 99.9% of purity, and aluminum- 
oxide conversion concentration 150 g/1) of aluminium nitrate water solutions was mixed with 81.05g of zirconium hydroxide used in 
the example 5 example 1 , and cerium sol 150ml, and the mixture of ZrO2:CeO2:aluminum2O3=65:30:5 (weight ratio) was obtained. 
Furthermore, it added so that it might exist by the mol 6. 1 times, and 1 1, of total cerium mol mixture adjusted by desalted water so that 
it might become the oxide conversion concentration of 50g/l. further was obtained for the nitric acid. Subsequently, it carried out like 
the example 1 and 137.94g precipitate was obtained. X diffraction measurement of the obtained precipitate was carried out on an 
example 1 and these conditions. Although the exact diameter of microcrystal was not able to be measured, the X-ray intensity which 
shows crystal Unity was about 700cps. It carried out still like the example 1 and 50g of zirconium-cerium system aluminum content 
multiple oxides of speciflc-surface-area of 90.9m 2/g was obtained. The specific surface area when heating the obtained multiple oxide 
for 6 hours each at 900 more degrees C, 1000 degrees C, and 1 100 degrees C is shown in Table 1 . The specific surface area after 6- 
hour heating was 24.2m2/g at 1 100 degrees C. Moreover, as a result of the component analysis, the content rates of the zirconium in a 
multiple oxide, a cerium, and aluminum were a zirconium dioxide, the second cerium of oxidation, and aluminum-oxide conversion, 
and were 65. 1 % of the weight, 30 % of the weight, and 4.9 % of the weight, respectively. 

[003 1 ] 1 6.67ml (water solution with a magnesium nitrate and 6 hydrate by Wako Pure Chem Industries, a% [ of purity ] of 99.9, and a 
magnesium-oxide conversion concentration of 150g [/I. ]) of magnesium nitrate water solutions was mixed with 81.05g of zirconium 
hydroxide used in the example 6 example 1, and cerium sol 150ml, and the mixture of ZrO2:CeO2:MgO=65:30:5 (weight ratio) was 
obtained. Furthermore, it added so that it might exist by the mol 6.1 times, and 11. of total cerium mol mixture adjusted by desalted 
water so that it might become the oxide conversion concentration of 50g/l. was obtained for the nitric acid. Subsequently, it carried out 
like the example 1 and 137.79g precipitate was obtained. X diffraction measurement of the obtained precipitate was carried out on an 
example 1 and these conditions. Although the exact diameter of microcrystal was not able to be measured, the X-ray intensity which 
shows crystallinity was about 700cps. It carried out still like the example 1 and 50g of zirconium-cerium system magnesium content 
multiple oxides of speciflc-surface-area of 91.6m 2/g was obtained. The specific surface area when heating the obtained multiple oxide 
for 6 hours each at 900 more degrees C, 1000 degrees C, and 1 100 degrees C is shown in Table 1. The specific surface area after 6- 
hour heating was 25.3m2/g at 1 100 degrees C. As a result of the component analysis, the content rates of the zirconium in a multiple 
oxide, a cerium, and magnesium were a zirconium dioxide, the second cerium of oxidation, and magnesium-oxide conversion, and 
were 65. 1 % of the weight, 30 % of the weight, and 4.9 % of the weight, respectively. 

[0032] 1 6.67ml of lanthanum nitrate water solutions was mixed with 81.05g of zirconium hydroxide used in the example 7 example 1 , 
and cerium sol 150ml, and the mixture of ZrO2:CeO2:La2O3=65:30:5 (weight ratio) was obtained. Furthermore, it added so that it 
might exist by the mol 7 times, and 1 1, of total cerium mol mixture adjusted by desalted water so that it might become the oxide 
conversion concentration of 50g/l. further was obtained for the nitric acid. Subsequently, it carried out like the example 1 and 138.04g 
precipitate was obtained. X diffraction measurement of the obtained precipitate was carried out on an example 1 and these conditions. 
Although the exact diameter of microcrystal was not able to be measured, the X-ray intensity which shows crystallinity was about 
700cps. It carried out still like the example 1 and 50g of zirconium-cerium system lanthanum content multiple oxides of speciflc- 
surface-area of 108. 1m 2/g was obtained. The specific surface area when heating the obtained multiple oxide for 6 hours each at 900 
more degrees C, 1000 degrees C, and 1 100 degrees C is shown in Table 1. The specific surface area after 6-hour heating was 24.5m2/g 
at 1 100 degrees C. As a result of the component analysis, the zirconium in a multiple oxide, the cerium, and the content rate of a 
lanthanum were a zirconium dioxide, the second cerium of oxidation, and lanthanum trioxide conversion, and were 65.1 % of the 
weight, 30 % of the weight, and 4.9 % of the weight, respectively. 

[0033] 33.3ml of lanthanum nitrate water solutions was mixed with 81.05g of zirconium hydroxide used in the example 8 example 1, 
and cerium sol 83.3ml, and the mixture of ZrO2:CeO2:La2O3=65:25:I0 (weight ratio) was obtained. Furthermore, it added so that it 
might exist by the mol 5.8 times, and 11. of total cerium mol mixture adjusted by desalted water so that it might become the oxide 
conversion concentration of 50g/l. further was obtained for the nitric acid. Subsequently, it held for 6 hours, having put 11. of obtained 
mixture into the pressurization reaction container (autoclave), and agitating under pressurization (2kg/cm2). Next, aqueous ammonia 
was added like the example 1 , solid liquid separation of a product was performed, and 136.53g precipitate was obtained. X diffraction 
measurement of the obtained precipitate was carried out on an example 1 and these conditions. Although the exact diameter of 
microcrystal was not able to be measured, the X-ray intensity which shows crystallinity was about 700cps. Henceforth, it carried out 
like the example 1 and 50g of zirconium-cerium system lanthanum content multiple oxides of speciflc-surface-area of 102.6m 2/g was 
obtained. The specific surface area when heating the obtained multiple oxide for 6 hours each at 900 more degrees C, 1000 degrees C, 
and 1 1 00 degrees C is shown in Table 1 . The specific surface area after 6-hour heating was 27m2/g at 1 100 degrees C. As a result of 
the component analysis, the zirconium in a multiple oxide, the cerium, and the content rate of a lanthanum were a zirconium dioxide, 
the second cerium of oxidation, and lanthanum trioxide conversion, and were 65.1 % of the weight, 24.8 % of the weight, and 10. 1 % 
of the weight, respectively. 

[0034] 16.67ml of lanthanum nitrate water solutions was mixed with 130ml (triple-purpose metal industrial stock type firm make, 
purity of 99%, zirconium dioxide conversion concentration of 250g/l.) of example of comparison 1 zirconium-nitrate solutions, and 
cerium sol 150ml, and the mixture of ZrO2:CeO2:La2O3=65:30:5 (weight ratio) was obtained. Furthermore, 11. of mixture adjusted by 
desalted water so that it might become the oxide conversion concentration of 50g/l. was obtained. Subsequently, it carried out like the 
example 1 and 141 .2 Ig precipitate was obtained. The obtained precipitate was gel. X diffraction measurement of the obtained 
precipitate was carried out on an example 1 and these conditions. An X diffraction image is shown in drawing 2 . Although the exact 
diameter of microcrystal was not able to be measured, the X-ray intensity which shows crystallinity was about 500cps. Furthermore, it 
carried out like the example 1 and 50g of zirconium-cerium system lanthanum content multiple oxides of speciflc-surface-area of 
97.7m 2/g was obtained. The specific surface area when heating the obtained multiple oxide for 6 hours each at 900 more degrees C, 
1 000 degrees C, and 1 1 00 degrees C is shown in Table 1 and drawing 5 . The diameter of microcrystal for which it asked from the X 
diffraction image is shown in drawing 4 . The specific surface area after 6-hour heating was 7. Im2/g at 1 100 degrees C. As a result of 
the component analysis, the zirconium in a multiple oxide, the cerium, and the content rate of a lanthanum were a zirconium dioxide, 
cerium oxide, and lanthanum trioxide conversion, and were 65 % of the weight, 30.1 % of the weight, and 4.9 % of the weight, 
respectively. 

[0035] 1 6.67ml of lanthanum nitrate water solutions was mixed with 81 .05g of zirconium hydroxide used in the example of 
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comparison 2 example I , and cerium sol 150ml, and the mixture of ZrO2:CeO2:La2O3=65:30:5 (weight ratio) was obtained. 
Furthermore, it added so that it might exist by the mol 1 1 times, and 1 1, of total cerium mol mixture adjusted by desalted water so that 
it might become the oxide conversion concentration of 50g/l. further was obtained for the nitric acid. Subsequently, it carried out like 
the example 1 and 140.35g precipitate was obtained. The obtained precipitate was gel. X diffraction measurement of the obtained 
precipitate was carried out on an example 1 and these conditions. Although the exact diameter of microcrystal was not able to be 
measured, the X-ray intensity which shows crystallinity was about 500cps. It carried out still like the example 1 and 50g of zirconium- 
cerium system lanthanum content multiple oxides of specific- surface-area of 96m 2/g was obtained. The specific surface area when 
heating the obtained multiple oxide for 6 hours each at 900 more degrees C, 1000 degrees C, and 1 1 00 degrees C is shown in Table 1 . 
The specific surface area after 6-hour heating was 7.6m2/g at 1 100 degrees C As a result of the component analysis, the zirconium in 
a multiple oxide, the cerium, and the content rate of a lanthanum were a zirconium dioxide, the second cerium of oxidation, and 
lanthanum trioxide conversion, and were 65. 1 % of the weight, 30 % of the weight, and 4.9 % of the weight, respectively. 
[0036] 1 6.67ml of lanthanum nitrate water solutions was mixed with 81 .05g of zirconium hydroxide used in the example of 
comparison 3 example I, and cerium sol 150ml, and the mixture of ZrO2:CeO2:La2O3=65:30:5 (weight ratio) was obtained. 
Furthermore, it added so that it might exist by the mol 4.5 times, and 1 1, was obtained [ the nitric acid ) for the total cerium mol 
mixture adjusted by desalted water so that it might become the oxide conversion concentration of 50g/l. Subsequently, it carried out 
like the example 1 and 140.67g precipitate was obtained. The obtained precipitate was gel, X diffraction measurement of the obtained 
precipitate was carried out on an example I and these conditions. Although the exact diameter of microcrystal was not able to be 
measured, the X-ray intensity which shows crystallinity was about 500cps. It carried out still like the example 1 and 50g of zirconium- 
cerium system lanthanum content multiple oxides of specific-surface-area of 98.7m 2/g was obtained. The specific surface area when 
heating the obtained multiple oxide for 6 hours each at 900 more degrees C, 1000 degrees C, and 1 100 degrees C is shown in Table 1 . 
The specific surface area after 6-hour heating was 3.3m2/g at 1 100 degrees C. As a result of the component analysis, the zirconium in 
a multiple oxide, the cerium, and the content rate of a lanthanum were a zirconium dioxide, the second cerium of oxidation, and 
lanthanum trioxide conversion, and were 65 % of the weight, 30 % of the weight, and 5 % of the weight, respectively. 
[0037] 16.67ml of lanthanum nitrate water solutions was mixed with zirconium sol (purity [ of 99.9% ], zirconium dioxide conversion 
concentration of 50g/l.) 650ml obtained by hydrolyzing example of comparison 4 zirconium oxychloride, and cerium sol 150ml, and 
the mixture of ZrO<SUB>2:CeO2:La2O3=65:30:5 (weight ratio) was obtained. Furthermore, II. of mixture adjusted by desalted water 
so that it might become the oxide conversion concentration of 50g/l. was obtained. Subsequently, it carried out like the example 1 and 
141 .68g precipitate was obtained. X diffraction measurement of the obtained precipitate was carried out on an example 1 and these 
conditions. Although the exact diameter of microcrystal was not able to be measured, the X-ray intensity which shows crystallinity 
was about 500cps. It carried out still like the example 1 and 50g of zirconium-cerium system lanthanum content multiple oxides of 
specific-surface-area of 1 15.7m 2/g was obtained. Chlorine was detected 0.18% of the weight. The specific surface area when heating 
the obtained multiple oxide for 6 hours each at 900 more degrees C, 1000 degrees C, and 1 100 degrees C is shown in Table 1. The 
specific surface area after 6-hour heating was 6.9m2/g at 1 100 degrees C. As a result of the component analysis, the zirconium in a 
multiple oxide, the cerium, and the content rate of a lanthanum were a zirconium dioxide, the second cerium of oxidation, and 
lanthanum trioxide conversion, and were 64.9 % of the weight, 30.2 % of the weight, and 4.9 % of the weight, respectively. 
[0038] 
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* NOTICES * 

JPO and ncipi are not responsible for any 
damages caused by the use of this translation. 

I This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing _L] It is the graph which shows the X diffraction result of the precipitate before baking of an example 1 . 

L0£L\vi0g_2] It is the graph which shows the X diffraction result of the precipitate before baking of the example 1 of a comparison. 

[Drawing. 3] It is the graph which shows heating weight change (TG) of the precipitate of an example 1 . 

[Drawing 4] It is the graph which shows the heat-resistant comparison of the example 1 and the example 1 of a comparison which 
were expressed from burning temperature and the diameter of microcrystal. 

[ Drawjngjy It is the graph which shows the heat-resistant comparison of the example 1 and the example 1 of a comparison which 
were expressed from burning temperature and specific surface area. 
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mx-temigiz i o jt*s»#<KT-r & c t *^ . wm 
mzmLx+ftti&wt-r. ^Lxmstmrnmcoam 

[0005] ta^^W^lcffi^^rJzi^A— b «J 

^^^m^m\kmcomm^mi,zmLx\±. mtimmy- 

6-27902 7^ia&^^^8 - 1 6 0 1 5^ 

Ji. 10 0 0 "CMM^^Oifc^ffiW^ 1 5mVgt*S 
^fc^lBttS^TV^. ^p^F5-l 9 3 948-f-^$g 
iZl± , 0 . 2 /i m fcTFOTfcffl ^ 3 — TWU 

tzm&wfttonmf&mz. 105 ox:ffi«ESoit*ffi« 

*<1 2m2/gTftSCt*i|eil§nTV^. #^5 
-1 1 6 94 5mi^mz\t. ^ffi£0. 0 5-0. 3 
mSW a fg4 n mWF^^JlV^l—TYfVb , 

■Sffimnrnmnz. 8 5 ox:M^f*oifc*[S8t*n 5 
m2/gT-j).i»^ tmmztix^z. ttz. =J>Va- 

*?£.mm<7)W&tjmt lx. - 155622 

mmtit. 1 0 0 0 ximimnitmmmws m*/ s x- 

$>&z\tmmztix^&. 

[0006] w±wrmcT>ir&i> Bmt-t&wHmz 

mzwmtfJbh. 
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[0007] tfz. mzmtmmmzn&jrmk lx 

M-tftlfJ: < . Witf, f#m*6 - 2 7 9 0 2 7^$g 

&i*»&¥8- 1601 5^?stc3eK$ni) 

TV/P (5 — 50 0 nm^fSlffl&j^n-r • rm-f K 

mz x o r# <?>ix3ts?^b%Ui . 900 •ctiboiSistgT* 
wm-xmx'U. mmtztmt&tmizt-?x&gT't>& 

$>•?>. 

[0008] 

(i, mzffl#xmtmtmizmLKW)M]%ttmtLxm: 

ftfef*2fctt£ifrU fti&mmTX'imZtitziSr&lzii^ 
TtiSv >lt*B«S:«t»-r h Z t ti^%&ci;>va=.*72± 

— fe y *>A^«-^K^sK-e«osst^srffi«-r * ^ 
^3 - <>a— fe y ^A^^K-fbfe^ > wsej: < . 

2>kmzfmizkr>xim%:mm. &mm<r>wm<r>m 

[0009] 

[IS&S£ll?*fc-r£>fe«>0#&] #2&BJ*#<i. Gfcsfc&ffilc 

mm&zt^m^x-t>mi&(,ztu&-t2>k%mzitmmm 
jwkt-s-s latere u ^3^>>^^<o»s*cov> 

TPSB&SJ^fi^fe. ^-C7)|g^, tfcfcBHbv^rJ:^ 
A fclHb-fe 'J ^A h^BM^i«v*jS^iM:^£#S;fr 

—*7J>.t&<r>*mmk. Hry^AVVPsR^ti-fey^Alg* 
Srzg-o-L. i&mzmn LX±&LZ tttifeffltito 

tmmt. m&ik&x'hhtzfrii&kx.^v^-iztt lx 

Whxm&X'fo*). ffifclzX *)fflm&<r>lS^M-m<vfe£h 
fflS: koi^Un-^A—t y ^A^Ig^^Sr^-r 

*cOS^T-fe B B B JgS:iS* > >.|.iS^S:Sefflti^L/c fc^^>, 

z<dx o ZiKit&wmnMizmimmmzMfz, 
•ft ^ n - *? As^f w t -e nm&nmmz-o v & 

f^LfeJgm, Z^i^m^t LT\ -fey^AjfcJh gg 
RJ62rifc£IJH»U *2&0J!£5&£-t&^ofe. 



[ooio] *&mz xtiiz^ 5oo—io 

v-VUrj-^AAtX-fe'j^ASr-i-^., KMfc£^m.=. 
O J*Rim.iYM—-t y +7MZWM. Lfeiffifei'VUJ^ A 

BLXfW>*>0tt'£Vc&&* MMitX'5 1 — 95:49 
-5T&9. ^tCiO, $£>t;M-y hy>A. 
i^A, T^-fe^'A. ^Tj-^'A, tVli 1 ? 

A, J.-of>A s tfK'J^A. V;/*v"*A. fjlV 

j*frt>%&m£K>'MiRztiz inx{i2mu±z . BHb 

l^gL-T^fhtT'O. 1 — 2 0«S%^TU lute 

500-100 o"c-e^;L7tf*tfoifc*ffia*i^< t 

t 5 0mVg?:SL, *>o 110 0*CT'6B$fS;!l u f?*f£ 

\>\&Zt £<&$&b -fh isfUa - <y a— fe »J »>A^^-gj 

0. 5 — 5 OjumWTfegf^^VPn^Ai:. 3D-f Kg 
^cT^F^grg 3— 1 0 0 n mtf)-fe 'J ^A/^t „ ^ 
^{CiEtT'f ••/ h'J^A. ^.^y^A, 5^y. 
r^fe^y'A, ^^'A, -9-vU>7A. a-Df)i, 
^'Hy-^A. v^i^^A, ^y^»>A, VN'y^A, 
T/l^S^^A. ^-r?>-S.^N7^^AOJgS*^/irSP 

J:03l!>?$ni,iax<i2«JiLt2:^il^5:, Kil 
&fatpa)-b y ^A^MRfc:** LT 5— l 0^^e/^?HS? 

JE^-fr. f#^^tfe^!fe$-5 0 0 — 1 OOOttM 
S)^-SC:i:5:#8l!i:-rSHtrie^3^>>A— fe>J 

[00 11] 

imaomm<vmmi aT*%PA<r>mzwmt,zmw-t 

h . sfE&HJc^i^n-^A-- 1 ij ^A^g-S-gHtiMcfc 
v^T, «^g?-fk!f5jt(i, Bl^^rj^^Afclg'fkfey^ 

a t tmzm.^coimx'% < . &ftvjxtemmmzm 
^mmnwffi®&ij&tfLi,x^hi><r>zno. zam 
&mtm£&)tmmib Lxmm itz^izmmi&u ■ 
:2ftajtg£^-r?>kL is-fb-fey^ a &ftx'h mitf 

;P3->>A^(iC^K^y^AOSiti^tt$ri«a6, 

[0012] *%px<7)m-&mtmzt5\,^x , ^^fis 

^rj-^A^y-fey^A^E^-Jt^i. K-ft^Pn- 

»>a ( z r o 2 ) mmikm-* y ^a ( c e o 2 ) ic:^ 

SLfefiiJtT-5 1 — 9 5 : 4 9 — 5. if^L<(i5 5 
—85:4 5—1 5, Jg(Ci?i L<<i6 0— 8 0 : 40 
— 2 0T'£>!>. It-fb^a^^AWffi-^Jt**^ 1*|H 

T-{±. m.titzm$m&+4Hznt>ti-r. t*z9 5£mt 

S-^K-fb^+cO^n - ^ASlX-fe y ?Acr)-£ft# 

*siJ^i. ^b^n^^Ast/^b^zi-fey^Ams 

T-8 0fi»%JjLb6**F* U*. 
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[0013] ^^m^tsnamt, 500-1000 
mmii. 'j?%<t t5 0m2/gSr^L. m®. mm 

WMt'S>nK9 0mVga±, 9 0 0"CT-6ffi5f 
fflcomf&X'fotllf 7 0m 2 /glil±, 10 0 0°C-C-6«f 

(i, 110 0°CT6B$l3aa^f^c:*JV'>T^- : 5r< 1 1 2 0 

fe y VJ*&&£mitWz}5\,^XiZ3M 10 0 0 

#*mmtmmwi>m?i;\m9 o oxiaTx-mm-rz 
£oizmtztix\,^%>. *&wxiz&mfz#>t>ti2> 1 o 

o o-cm®co&i&x'im^m%&)fmtt®mizi,mm*i 
mx'b&te&mimemffiz^-rfzMz. n^tttzm^ 

mtttztih 1 1 0Q°czw£tL. iioox:t'6 
tifffflamkiztm § tix ^ h itmwm^mz m&wnm 
(Dim^mt ut. *¥&mz&^xtt3zwmt 
®ftcr>itmmmM%.mt Lx&h&m&tftm&tfx 

[ooi4j *%w<?)m-£m{tm&. 

y>A. TVl-S-^A. +?>&X//>>7 

mx OMmztiz imxiz2mjJc.z&imwm.Lx-& 
tf-ST- 0 . 1 ~ 2 0 sa%offiHT-3-3r lt ^ t & & 

<7>fg|, 0. l»i%*}1lT'JiSS^t4aJ[#(cS!)**s|2^4. 
ti-?. ££2 0«S%£i®;tSfc*y^Aco#Wi#ffl 

[0015] 2f=l6Bgo«ii^a{i. mrie«^i!^!^^fl 

[0016] Mie#StOv-Vl^=J^^A^<i, 
0. 5-50^m s »$L<{±1~3 Oxtm. JgKifi 
t<(45~2 5Mm<n7mit'J)Va-^M.X'hh. 
fig** 0 . 5 ^ m*)l^*^<i*«B^ gffl £ -f & Sftft 



*^b^VU3-^At{i. (l)*iMfcv^3.=.'>AZ r 
(OH), -nH 2 0, (2) tf^r^kBHt^l^-^AZ 
rO (OHh • nH 2 0, (3)7fcftI>'VL-rjnTZ r 0 2 • 

-^M.^mmzry^-r^. T>*-T*fx. 

if-Biff&tca-K V-X&S—X? -yy^tgm&fttiT 
If (MKIIS) tiOtTo^:. 

[0017] 1?rS^^)-b 'J 3 cK 

W*g3~10 0nm, if ^ L<<i5~8 0 nm. 
$<otC»iL<(il 0-50nm^'JWK* 

'J »>Aco^-rix*^^{i:aStO^<OllI«s^fil[^ 

xmmzwmtfmmx'h loonm^s^ 

l s - 7 o o om) tzx n ,j n->tz . wie-fe o *7J±v>v<r> 
mmAtmzm^ixh\ i <r>x\tts:<. mii£mm~ 

•fe 'J »>A^?SE5rtol<^»Sii:-i.^«c0^^ri:'{cJ: o 

x%t>ii. ±t^1Si^ a tLX. e-fb-fe U »>a^s:t' l o 

0~2 0 0g/!)7 h^SSiOiHSOt^fiMf^ 

tzmz. mm^^mw®s&ztix\^i>v>tfhh 

[0018] Byfe^^tcfcV^T , HulBTKK-fk^Pn^ 
^ASt/Mie-fe 'J ^AV/Ucoig^-SiJ-^Ji, mk<r> : J)Vn 

^^A--t y ^A^n^K-fL^offl^fctc^-r^aii 

Itt^S J: d tcStSig^-r d i; ^'T'# . MU£ , 

3 ~ ^AS-tlf-b 'J ->A SrK-ft:^3r.^ASl^-(b^~ 
•fey^Atc^L^ig^-SiJ-^*^ SjttfcT'5 1-9 5 : 

4 9~5t^r§i3(C?g-^-rSO*^^LV>„ ?1^JC0 

Pisti. fr!B*i?-fb^^3 - ^Astxfrie-fe y ^av/u 
ayfrte-fey^Av'^^iiisji. @e-ft^)^co-&it4T- 

1 0~2 0 0g/y -/ h/P. ^ftC2 0~l 5 0g/y-y 
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lxu. ffimm, mm. skis, ^^m^m^m.^ 
u-smz. ftbti&m&mmwz. mtmsm-Lxn 

^•ItS^' 0 . 1-20 K»% 1 3: S i 9 ^rat&ifC'fi 1 * 

[0019] mim^coiumtJ&l*. tmT'frocDtfi 
X. 5-10«t;K #F£L<<i5. 5~8fg*;K $ 

e>lz1&£L<lZ5 . 8— 7te^/^oiii^££:^£^*.& ^ ^>^ 
-t: y ^AVy^^-eii-rixiofeD^^ajai/w 

4McSii*tfm^£#-9--C&4rV*. — *\ 1 Otet/l-fc 

mrnmrn^ti^. MmAtizmtitcm-^mmt^n^ti 
[0020] muffimfr&Tcotimj&miz. kje£ssj£6 

0— 1 5 0XX »^L<ti8 0-14 0-Ct', SJE^ 

1- 36 ^StfOSfflT-tf 3 Z t & . L < 
ffiXJiMETT^dCl iDflETT'lSi-f £*§ 

1. 5— 1 Okg/cm*nm<7)M&TX"+roZtlZjL 

[0021] **»ol8W5ri£-ett. <kw?tt££;&D*. 

rafi»we=SETRJ6 £ £ , # £ L < <i 6 0 *C 
JilT, #fc#*L<tt5 0X;jaTfcHMSUi:flL 

t ltuu *BHt^- h y *gat# y 



^m^itmwt^h^^nz^j^ts^mmizj: 

co$Eit£&oZblzXiX®mizP\fe£ix. pH*<10 

zmttui+itx'h *) . Rjsa^T-rs. iosiBtcj: 
(^stCTi ) timwit.z&v&znfmnteSM* 

Mfc®Z&&fi:tbt l z1itm%:mmfob%:& . Zcoffimfc 

mfx'ttmthzktfx'^h. ttz. iumm&iztkma 

[0022] *^J<7)i?3t^T*«i. BfllEt#^ix^^« 
*&j£=»5£iajg-C&j£ L , a £ t iz J; 0 ffiW.co1g.& 

mimzn&zttfX'Zh. m^smtsoo—i oo 

O-C^ra^fiESiOia^JrillRT'^a,, TR8^S$r500 

-8i2HitM) &m^xm%.Ltzmmfrt>. mmm 

'M±5 0 0X:X&TLX^&Z ttfftfrZ, . tti>*>. 

M^ag* 1 5 o o-c*jS-c«>'VU3^'>^,--fe y 

^SWTSfflT^^rV^. I24ti. 5 0 0 °C£JLb?>i&£S 
«lctJV^T, (^iOH^Ml ) i:ifc«09l^J: 

J: S ^K-fb^^'Sia^T^ L ^^-C' t> . ma, 

^tm±^.uz<< (im&im< ) . t&^xis^itm 
wmzmftLx^zzktwi-fr&. mm<om-&mimt 

zmm-zmmmnt Lx^mmm.^^±mt 1 

0 0 OKZMTIiZmfet h . »^ L < «i 5 0 0 — 8 0 0 

°c, M(c»^L<(i5oo— eooxix-hh. mmm 

- 1 0 BOUT'S) ^ . #5SHJj(- j; sa^Rftftti, 5 0 0 

— 10 0 0°C<7)%mX'fctlii tcom^Priamz J; tf> 
■f s ffi^dffiBtftarWU 110 CCefiJ^jD^itc^^ 
T^riS2 0 m 2 /gJ.:Lb^©V^Jfc«ffl«£:^LT^& . 

[0023] ffiffi»»«, ^t?^7t1g-^gS-f^^. - 



[0024] 

#U WtCl 1 0 0°C6B#^COjn^fctt3V^Tt^< 
tthcn>X\ ft^^/Urj-^A — fc: y ^A^-^grffc 

^mcDffltfxmmmtcottmizjs v ^-c save wist- 

[0025] 

m-t&tf. ^wmztitiizw&zti&izcox'i&tc^. . 
[0026] mmm 1 

9.9%, Sfty^3^>>Aii;^ti4 0 . 1 M 
¥^^18. 56/im) 81. 05gt, -fe'J^ 

AvOP • r-^iX&SL ^y^A^^-s-^s 

5fii%tlT, BKL-fe 'J ^ABSgg&K 1 0 0 g/'J y h 
150mlt, 5£B?5> (TOttj£8sS 
£4t£L *6JK9 9. 9%, BKfc^^g&ficaigi 5 0 
g/'J-zWH 16. 67ral 1 5ril -a L . Zr0 2 : 
Ce0 2 : La 2 0 3 =6 5 : 30 : 5 (MMit) <r>m& 

Ifcifc&ttSL tm.6 0 — 6 1%) £*g-fey>A*:;K06 

s J: 3 tcgfe&D t . mizmtvmmmmtf 

5 0g/'J y Wl^fc^* J: 3 tzK^X'^LtiM^m 

ziov wwtfc. <K^x-nt>tifi:m&®ii y y hfui 

0*CT12B«ih timTXUnf&Ltz. 2om-t^L 

ry^-r* («7K^aixm»^tt». nh 3 

#«2 5~2 8M*%) SrtflfT"C3sjDL, pH£1 
OklB-PSL^. -y^xTIItf&fr 
SfSrfi^, 13 9. 23 »<5><ifc*» 

ft^'J^ttS^INTl lOOlj XHHl^S-c- 
CuKal, ftE4 0kV 1 1=«»S4 0 m Alz£ *)M 

fettz. x&&mm.£miiztF?f. jEn&t&n&mim 

«W8t*ofci«, ttJMx£5^X«gMBi*!>7 0 0c 

pst^t 'ftt>tifzi)cg£V!a$: 5 0 0'CT'6B#faMj£ 

U Jt*rat92. 7m2/gi0^r7^»>A--bl»'> 

h&vv? v^^mm 5 0 g . *#£>:ft.*:« 

^itt&It9 0 0°C, 10 0 O'C, RX/1 1 0 0°C 
£T# 6 «H3Hm& tJt b # <0it3i®?»£* 1 5 
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■t. 1 1 00°CT-6B$fgjpa<if^c7)Jt^ffiffl{i24. 7m 

^^-^ a , K^tair-b y ? A&z/jK-fb^ >- * vwm. 

X\ Wfil6 5. imm.%. 29. 9MM%, RX/5 

m.m%x-$>-r>tz. 

[00 27] smw2 

1 T'fflV ^ A 9 3. 52git 
'JW/H OOmlSfT^K^^^VTkJg^Sl 6. 6 
7 m 1 i:£ig£-L, ZrO, : C e 0 2 : La 2 0 3 = 7 
5:20:5 (Silt) Ofl^ftiftt. *#4>ixA:?&£ 
tot, Htc»iiE£*£-tey'>A^/U06. 2^/k»-#^E 
-f & J: 3 izmn L . M{ct$fk*85&»igJg# 5 O g/'J 7 
Wl^&Sr* «fc 3{=m*TiSSL^ig-^5$- 1 U -y h>l> 

&wc s siis^i 1 1 mmztm ■ umt. 
-T*£i&onu zmLmewmfrffizn^x . i42g 
^it^$-#7t. f#f>^it^i$-iisaf0iji tm&ftx' 
xmmtjfmjzLtz. jEw^^mim^TFmx-h -> tz 

wizmmmi tmmizm&^n^x , it^Bosn 1 5. 

7 m*/g<7)^rj^'>A--t y ^Jz.Jk^y? 
•&B!^5 0 g f#^ii^:«^-B!-ft1*I$rMtc9 0 

O'c, 10001c. s.ixi i oox:tzT#6^fraJnl?!iL 

t £ tf)ltfiffiWSTf| i tc^f # 110 0 •CT" 6 KJ^D 

mzwimmmii 22. 4m'/gti>o)t. a*^-«f 
vj*sxm{t7>?>mMx\ zti^tiiA. 9 ma 

2 0. 2M*%&y"4. 9mm%T'£>-?*:. 
[00 28] HMglJ3 

^SfeCTlT'ffl^TtTkK-ftl^Pn-^Ag 3. 5 2gi:-fe 
U *7lsflV 1 2 5 m 1 b S-fi-^-L, ZrO, : C e 0 2 = 
7 5:25 (SSit) ^S-^ifeSr#7t. #^iX7tii-^% 
IZ. mzWffiZm-t 0 t^JUcr, 5 . 5fg^/kfr7?q£-r 

atcjfe&nL, K{cK-fL^»jgJK5 0 g/y -y 
btchi. o lzM&*X'$mLfzM-&®l$: 1 y -y h^Hf 
tz. ifcivc, l i:|Bl«(cfir-5T 14 1. 6 2 gc7) 

ifcK^Srf#7t. f#^7tit^^HJS^ 1 b mg&X'X 

mmmmMLtz. iEm%mik?mim%?F*jmx'$>-?tz 

A 4 , &ik&£fjk-txm&feltm7 0 0 c p s X'fo-otZ. 

mzmmm 1 1 isi^c^oTjt^ffiS 112. 4 m z/ 
g(?)^3-r>A— t y^Ais-g-is-fb^s og^. 

f#^>it^«^KYt;^S: §^C90 0°C. 1 0 0 0"C» ^ 
tM 1 0 0*C{CT=g-6B#^jD^L^KJcoit*®W^l 

ic^-r. 1 1 o o*ct- 6 ^rajD^o^^aM^ 2 0 . 
mmuM y wsa-c, ^-ix-?fx7 5fi* 

%s 2 5S»%T'&o7t. 
[0029] *SIM4_ 



mmm 1 x-m^^hmt^^^j^s 1 . osgt-t 

y ->A/;H 5 0 m 1 t . i^'A/tof & ( HiSHfc 

jaa**£lfc». &J&9 9. 9%, Kfl^^ABWtigjK 
150g/y-yWP) 16. 6 7m 1 fcSrjS^-U Zr 
0 2 : Ce0 2 : Nd 2 0 3 = 6 5 : 3 0 : 5 (SMJt) <30 
fc^mZntz . S^g^e* 'J ->A^K7) 6 . 5 f£FE 

ivtt&th i. o izmnt. miz&fcmmn®& 5 0 g 

•y WM#fc. JKkvc. 1 tISiaKctfoT 13 8. 

2 4g^im^5-f#?t. n^ntzikmn^mmmi tm 

X'$>->tzi)K 3£i?Bl4S:^-f X®&mm7 0 Ocpst 
$^.(C|IM^li:|SI«{CffoTJt^fflW9 1 . 

3 m^/gCD^HJ^A— te U ^A^jf^'A^IS 
Smtm 5 0 g Sr»fc. #£iut«-£-BMt!B!i£ $ L> lz 9 
OCC. 1 OOOU &tfl 1 0 0*C(CT#6^JlB» 

Lfefc %<r>itikwmim. i cscr. no o*c-c-6 

iD*fef*<OJt*ffiS»i 2 3. 8ra ! /gt*ot. ij§j£# 
flfojsm. S^hM^O^'/I^^A, -fey»>A#iX 
*7j-yAc9^rS>J£-{i, BHfcvVl-n^A, mitmz.^ 

, jvj»s.xswnt**i''£.mnx\ *ft.-?ti6 5nm%. 

3 0. ltl%Xtf4. 911%^-)^. 
[00 30] H]6Sffl5 

HS6f>l 1 T'ffi^^BE-ffc^r* - >>A8 1 . 0 5 g i; . 
•fe 'J AVVP 1 5 0 m 1 i: . SiST/PS A*?§?BE 

». *E*9 9. 9%, RfcTVl-S^Alfcgi&Kl 5 0 

g/l<7>*$§?$) 16. 6 7m 1 fc£*I-£U Zr 

0 2 : Ce0 2 : Al 2 0 3 =6 5 : 30 : 5 (M»Jt) cry 

m.-&fa*'&fz. mzmmzm-k: y ^^)v<r>e. 1 
/mif&t&ioizmnL. mzwut®}tsmmj&5 o g 

/'J y J: 5 WM^TtSSLfcili^?: 1 y 

•y MMffc. &<<vc. UStiaiURiCffot 13 7. 

94 gcottmi*!^^, btiKimmzmmmi tm 
&t\rX'xmie\VTW%.btz. jEm%sM&7-mzmj&F*im 
x°fo->tztiK mik&&^-rxms&Biim7 ooepst 

?^tc||*feCTli:|Hl«t^oTJt*ffi«9 0. 
9 m*/ s<7)i/)Vzt— >>A- l> ^A^T/PS — »>A-£- 

^ns-^g!^ 5 o g m^tLtzm&wHmi: $ ^ 

£9 0 0'C, 1 0 0 O'C. RXfl 1 0 0*C^T#6B#BI 
tmLfzt # <7)Jt#sfl5W£fl 1 {c^f\ 110 0XTT6 

a, SM^~*y^A&y^tr^s-^A&g-c\ -e- 

*v?ft.6 5. ia*%. 3om&%m/A. 9MM%x- 

fo-y/z. 

[0031] mmm 6 

mmm i x-m^fz^it^ii-^ - ^as i . osgt. 
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*L I&K9 9. 9%, BMfcv^^^AiWtaMEl 5 0 
g/V'vhJWTmfBt) 16. 6 7m 1 t&m.-&L. Z 
r0 2 : Ce0 2 : MgO=6 5 : 30 : 5 (M»Jt) CO 
lg-&<&9 5gt:WB?S:*g-fe 'J »> A*7k*> 6 . 1 fgre 

>l>ttft&t izffitia L . BMUMftgatg 5 0 g/'J 
•y X 3*cJK«*Ti»Lfca^fcS- 1 y -y h 

M*fc. &WC\ HJfeM 1 tHOSHcfr^T 13 7. 79 

snttsmzmz. m^tifzimmimmm 1 t raswr 

o*:**, ^ B B B 14$r^t- XH^jg(i^7 OOcpst^ 

?t. ?<?>^36sscti tmmz'i?'>xitmwm9 1 . 6m 

2 /gC0^3^^A— t »J ^A^V^^v-^A^-^rlS 

^•S?-fb!fe 5 0 g 5: 7t . # ^>ti7t: «-&^t;!f*i Sr $ <b 9 

oo*c. i oo ox:, at/i i o or:&cT#6i$iiKus& 

LZit^cOlt^MSSraitC^-f. 1 100*Ct'6K^ 
SD^<OJt*®«{i: 2 5 . 3m ! /g-Ciit. 
»f^*. ^K^^^Vl/n^^A, -feU^AS.^ 
V^*>^Acr>-£-:£ilJ-£l±, K^^rJ^^A. 

5. imm.%. 3omm%Rv ; 4. 9MM%x'h->tz. 
[003 2] mmmi 

mmm i x-m\> ^fz^it^j^—^M. si. osgt, 

6 7m 1 i: $riS-o-L. Z r 0 2 : C e 0 2 : L a 2 0 3 = 6 
5:30: 5 (MMit) OiI^J^#^. JglClgS!^^ 

K-ft!f«»i8JS 5 0 g/'J y hivt%& X 3 JcflBtlyJcT- 
RBL^a-S4HS' 1 y -y »C^T\ HJi^Jl b 

mmzft^x 13 8. 04 g<oim^^#^ . nhtuz 
ttmtzmwmi tmg&x-x&mmfflfeitz. iEsi^r 
&ik : f-mm&F*imx'$>~>tz&. iMi^tx^ 

^{i*?>7 0 0 c P sX'hitz. $ ^tcHSSCT 1 tPiafc: 
ff-5TJt*®flll 08. lmJ/gco^Un^.^— fe 
'J^7>^ >-£*«^-IM:!|f9 50g$rt#7t.#^>fL 

$ ^>l; 9 0 0*C, 10001C, St^ 1 1 
0 0X:iZX&6mm\imLtzb£cr>!t3kWm$:3kl fc* 
-f. 1 1 0 0 , C-C6^Jn»f^<y)Jt*®«li2 4. 5m 

r7-»>A, •fey»>Aay r ^>'^vco-^^riij^{±, K-ft;^* 
x\ %ti?ti6 5. iss%, 3oaa%at/4. 91 

[0033] gMM8_ 

^St^ll T'fflt^TklS^^n^^AS 1 . 05gi. 
-b y "7AV^8 3 . 3mlt. >-yfc?§^ 3 

3. 3m 1 fctrlg-^-L, Z r 0 2 : C e 0 2 : L a 2 0 3 = 
6 5:25:10 (MJt) |g(C5Sg? 

£ jg-fe y a*^o 5 . sfg^y^^-rs j: 5 tzmnn 

L, ^tcS^micai^ 5 0 g/y -y J: d lc 
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htitzm&m 1 U v h/P* JnfiERiBSHB {Jt—VW— 
7) (cAiXTjDET(2 k g/c ) tWL^A^ 6 

JnU ^%c7)ia^M$:flor 1 3 6. 53 g<9*fclg 

t&gy&£m-?xm&m±¥)i oocps x-b^tz. a 

f£. HSfiCTl fc[5)«(Cff-5TJt*®«l 0 2. 6mV 
g<7)y^3-^A-b 'J ^A^7 y^WIS^iM:^ 

5 0gSf#<:. f# ^iXTtlS-^K-fb^ £s6fc 9 0 0 x: . 1 

ooox:, st/i i oo-acT^-e^fSjDML^t^o 

itaffiWt* 1 tijrf . 1 1 0 0iCT6^^6lMc7)ifc 

?y7>m&x\ zti?ti65. im&%. 24. 8£ 
m%mfi 10.1 a»%-c*£> -otz . 

[0034] itMl 

9%. ntts^:!— ?AjftjtiftK2 5 0 g/U -y h/U) 
130mlt. t'JW;H 5 0ml k » BUg^:? 

1 6. 6 7ml tSrig^-Ls Z r0 2 : Ce 
0 2 : La 2 0 3 = 6 5 : 30 : 5 <SSJt) OW&lfaZ 

ntz. og/y^wi^sr&j:? 

mmm 1 1 mmzn ->x 141. 2 1 g 
fz. n^titzmkmty>v^.x'h^tz. &t>tuziksm 
zmmmi bm&ftX'xmmttTmfeLfz. xwmvxi&z 
02t^-r. iEm%mih?wm&f : ^mx'b'>tzti t . 
&3&*7K-?x.w&mm5 0 0 c pst*-)fc. miz 
$mMitmmiz?f~?ximmm9 7. im^/sna 

ftfe*L£3R&lMttlfe&K«:9 OOX:. 10 0 0 
*C, Sl^l 1 0 0-C{CT#6^raJn|aL^i:^<7)jt*® 

i 5 iz*k-t. xmmmm^^nbtz^B^ 
@ Sr ia 4 . 1 1 o ott6 b* rainsw^ita®« 
ti7. lmz/g-e&ojt. ffljfcfrtfr?)*^ 

Ztl-?tL6 5MM.%, 3 0. im&.%Rl/ 

4. 9 

CO 0 3 5] it«ffJ2 

USSCT 1 X'm^tzfcmti'il'^-^&S 1 . 05gt. 
^LOAV/H 50mli:, ffi&^y? >7S<.mmi 6. 

6 7ml kSrii-o-L, Z r0 2 : C e 0 2 : La 2 0 3 = 6 
5:30:5 (fiiifc) «3l-&«l*»fc. JgWilSSrfiS 

-fe y ^At^o 1 1 m*Arftif&t & <t a (cjK&n l , je 



fcEwwcfroT i4o. 35 gcomkVzzntz. n^n 
tzttmmz viwx'b ~> tz . nbtuzmmzmsmi 
t mmtx'xmmift m%. Ltz . lE^m^mtm^ 

WCfcofctf. mikfc*^xmm.\i$}5 0 0 c P 
itrlKt^ 5 0 g £ t#£ . {§ «£SHttHf * $ ^ 9 

oot:, ioo o"c, Rifi i o ox:\,zx&emffiM& 

Ltzt #c0ik*ffl«5r*l tc^-T. 110 0*CT'6B$S 

t \mk<r>]t^mm± i . em^/sx-h^fz.mi^m 

^^mfmL"7V9V^%X'. Wil6 5. 1*4 

3 0S»%&tf4. 9S»%T'fto7t. 
[0036] itgM3_ 

nsfi^i T'fflv^TkSs^b^m-^As i . 05gt, 

t'JW;H 50mlfc, iSB? 1 6. 
6 7m 1 k $riI-^-L. Zr0 2 : CeOj : La 2 0 3 =6 
5:30: 5 (SAtfc) JglcffiK^^ 
-b'J'>At;K!04. 5 fgFe/l^^-r £ J: p {cafe&n L . 

k mmziff^x 14 0. 67 g<75ifc&*$a£t#*:. #^ix 

k mg&rx- xwmmfe Ltz . lEm^^&fsum^ 
fimx'S>~>tz&. giikii&vk-txtm&izft 5 o o c P 
sX'$>->fz. $t>iz$immikmmzft-ixitmwm9 

8. TrnVg^^-W-tyw^^yt 

^m^m^tVa 5 0 g * f#7t . # £> flTt^^-fbft) 5: $ <b 

tc9 0 0'c. i ooo'c. st^i i oox:(c:-c#6^ 

in^L7ti:#<50Jt*B«5r^ltc^-t. 1 1 oox;r'6 
^HMftf*Olfc^®«{i 3 . 3mVgt*oit. fi^ 
#flr<of§*, M-Sffiim^itfra—^j*.^ 4ry->A3t 

•fe D A&VK-fk? v ^ >^»T' , ZtlZ'ix 6 5 ffl 

%. 3 0S*%aiX5MS%-C*-o^. 
[0037] it ^4 

(**jg9 9. 9%, Bt-fb^a^^Am^ie 

S5 0g/'J'yh/l') 650m 1 k* -fe'J^AV/H 5 
Omlfc, «15^y*g?5E16. 67mlt&l^ 
L. ZrO 2 :CeO 2 :La 2 O 3 = 65:30:5 (i 

iit) mzwtitm&mm&sog/v 

>y hlVk%h i. 0 izmmjkX'W&Lfzm&fa* 10-yh 
M%tz. <X^X\ HJfe^Jl kmmzft->X 14 1. 6 8 

gcoimvizmfz. &t>titzimm£9mMi km&tt- 

X'X&lsliJrWmLfz. lEm%1££k?m&ffi&F*imX'*> 
ofc3&<, ^ B H BttSr^X|g^jK{i^5 OOcpst^ 
Jfc . $ <b tcHJS^J 1 1 |a]«ttT^> Tit^ffiS 115.7 
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mm sog^. t&m& o. is mm%tk& £ ti 
tz. n^titzm^mimi^ ^>iz9 o or. 1000 

mzm i tc^-r. 1 1 o ox:x&mmumk<r>itmmm 



9yWkWX\ Ztl?tl6 4. 9MM%. 30. 2MM% 

m*4. 9mm%xhr>tz. 

[0038] 

mi ] 









ZrC 2 


Ce0 2 


La 2 C>3 


Nd 2 O a 


Al 2 0 3 


MgO 


500°C x 6hrs. 


900t x 6hrs. 


1000tx6hrs. 


llOOt x6hrs. 




65.1 


29.9 


5 








92.7 


72.8 


55.4 


24.7 




74.9 


202 


4.9 








115.7 


70.9 


51.7 


22.4 




75 


25 










112.4 


70.4 


52 


20.4 




65 


30.1 




4.9 






91.3 


70.9 


54.9 


23.8 




65.1 


30 






4.9 




90.9 


71.2 


55 


24.2 


pi 


65.1 


30 








49 


91.6 


72.6 


56.1 


25.3 




65.1 


30 


4.9 








108.1 


76.4 


60.4 


24.5 




65.1 


24.8 


10.1 








102.6 


81.7 


63.1 


27 




65 


30.1 


4.9 








97.7 


53.8 


34 


7.1 




65.1 


30 


4.9 








96 


51.4 


32.9 


7.6 


it«ff)3 


65 


30 


5 








98.7 


41.3 


25.4 


3.3 




64.9 


30.2 


4.9 








115.7 


70 


39.1 


6.9 



[03] mmi<o^macr>tmma^it (tg> 



[04 ] Mf&.i&mtm£k=pmfrt>2kLtz. mmmi tit 
[05] m&mibttmmmfrhmLt:. mmmi tit 
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